Surface stress on the surface contact of gear tooth calculated by the Buckingham equation constitutes the basis for The American Gear Manufacturers Association (AGMA) pitting resistance formula, which is based on a normal stress that does not cause failure since the yielding in contact problems is caused by shear stresses. An alternative expression based on the maximum-shearstress is proposed in this paper. The new expression is obtained by using the maximum-shear-stress distribution and the Tresca failure criteria in order to know the maximum-shear-stress value and its location beneath the contact surface. Remarkable differences between the results using the proposed equation and those when the AGMA equation is applied are found.
Introduction
Contact process between gear and pinion is comparable with the one produced by two cylinders with the same radius of curvature loaded in rolling contact. Based in such comparison, the contact between two cylinders produced in loading can be solved by using: I) Hertzian polynomial equation to describe each tooth circular convexities belonging to gear and pinion; II) Elasticity theory to know the surface displacements and its relation to the pressure distribution produced by the load and III) The Flamant generalized stress equation [1] to determine the pressure distribution and to calculate the state of stresses beneath the contact surface. By using the state of stresses equations, we can calculate the maximum-shear-stress distribution in gear tooth contact surface and, by considering the Tresca failure criteria, the proposed equation is obtained. The maximum-shearstress distribution and the locus of its higher value show the difference between this proposed equation and that of Buckingham's.
2 Hertzian contact Figure 1 shows Pinion and gear tooth in contact under the action of a load P. Dashed lines show the original shape of the two bodies and the continuous lines their shapes under the load P . From Figure, the gear and pinion tooth profile radiuses are R 2 and R 1 respectively, and the strip of the contact area is 2a. Then, from the scheme the relative elastic displacements for each tooth surface can be expressed as
where u Z 1 and u Z 2 are the displacements of any points over the contact surface of body 1 and body 2 respectively, δg = gδ xg +gδ y is the total body displacement and z 1 and z 2 the positions of the points over the contact surface. The Hertzian expressions whose plots approaches to each tooth circular convexities on the contact surface are At certain point in the contact surface x 1 = x 2 = x; then, substituting Equations (2) into Equation (1) and by making
it is obtained
This equation is the displacement equation for whatever point in the contact surface. Then, the variation of the contact surface along the x-direction can be determined by partial differentiation of Equation (4) with respect to x, resulting in
This displacement gradient must be equal to that produced by the pressure distribution on the contact area.
Displacements produced by the pessure distribution
Normal pressure distributed in arbitrary manner over elastic half-space is shown in Figure 2 . The load acting on the surface at B, distance s of O, on an elemental area of width ds can be assumed as a concentrated normal force P of magnitude p(s)ds acting at B. The state of stresses produced by P at point A, are calculated using Flamant equation:
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this equation in rectangular coordinates become
Using Equations (6), replacing x by x − s to relocate each point to the origin and integrating over the loaded region, −b < s < a, we get
These equations are the basis to determine the maximum-shear-stress.
On the other hand, in order to know the displacements of points over the contact surface and the distortion under the load action, the Hook's law and the Flamant equation are used, which results in
after integration, the displacements can be obtained (as derived by Tim-
by assuming that u θ = u x and u r = u z for θ = π 2
and that P = a −a p(s)ds in our case, the displacements at A (as derived by Rekach [3] ) can be write as
Equations (9) take a much clear form if we choose to specify the displacement gradients at surface ∂u x /∂x and ∂u z /∂x rather than the absolute values of u x y u z [4] . The terms in curly brackets can be differentiated with respect to limit x and the other integrals can be differentiated under the integral operator to give
In equation (3), we can see that ∂ux ∂x = ε x , whereas Equation (3) is the slope of the deformed contact surface of the cylinders due to the pressure acting on them, then
Adding each other the last equations, we can get
and, by using the relation
the variation of the contact surface along the x-direction can be wrote as
This slope, Equation (11), and the displacement gradient, Equation (5), must be equal to each other, and then we can write
Solving this singular equation, we will be able to know the pressure distribution, which produces this displacement gradient. Therefore, in order to solve this equation, we divide by a(the half width of contact area) and we replace X by x/a and S by s/a, so the last equation became
This equation has the form
f (t) which solution (using the Cauchy integral formula and the Mikhlin development [5, 6] is
(13) where
Now, if in Equation (13) we replace t by x,ξ by s,
and we divide by a, we get
(15) where
Then, applying the Cauchy integral formula to Equation (15), we find
Now, in order to restrict the action of the pressure distribution into the loaded area we make p(X) = 0 at X=±1 in Equation (16), in this way
where
Taking into account that p(X) reaches its maximum value at X = 0and that p(X)= p(0)=p 0 , from Equation (16) we can get also
Finally, substituting Equations (17) and (18) into Equation (16) and the principal value of the integral, we arrive to the Hertzian pressure distribution
4 Maximum-shear-sress
Once the expressions for the pressure distribution are derived (Equations (19) or (20)), the next step is to determine the ultimate shear stress before failure. To determine this shear stress we make use of the pressure distribution expressions in the following way. By replacing X by S in Equation (19) and substituting the result in Equation (7); afterwards, by replacing X by x/a and S by s/a and integrating over the loaded region, −1 < S < 1, we get the next dimensionless stress equations:
Equations (21) are the equations allowing determining the stresses in each point inside the gear tooth when the pressure distribution p(s) is applied. Maximum dimensionless shear stress values, τ /p 0 , at some points of the gear tooth contact surface into the region −1 < X < 1 and 0 < Z < 1.5 are shown in Table 1 . Additionally, in order to visualize these values, a map indicating the shear stress level inside the solid is shown in Figure 3 . From Table 1 , it is clear that τ /p 0 = 0.3 is the maximum dimensionless shear stress and it is located at Z = 0.8 beneath the gear tooth work surface. By applying the Tresca yield criterion [7] , the maximum pressure to reach this shear stress level is:
where σ max is the maximum normal stress of material in the uniaxialtension test. Equation (24) can be rewritten in terms of load per unit length P using Equation (18), which results in
5 Surface stress equation with the gear parameters
In order to introduce the gear parameters into the surface stress equation we make use of the next relationship where W is the total load applied and F the tooth face width; then, substituting P in Equation (25), we have
On the other hand, the equivalent radius of tooth gear is a function of the pinion and gear tooth curvature radiuses. Then, according with the Table 1 : Dimensionless shear stress values τ /p 0 for x/a = 0, x/a = 1 and 0 < z/a < 1.5.
AGMA [8] 
where r p is the pinion pitch radius, C is the centre distance and φ the pressure angle. Then, substituting Equations (27) into Equation (3), we have 1
Finally, combining Equations (17.1), (26) and (28), it can be find that
7 Conclusions
Considering the Tresca yield criteria, one could arrive to a singular expression, Equation (26), that provides the maximum load W that the gear tooth supports and the location (z/a = 0.8//at//x/a = 0) of maximum stress point. By using the Buckingham equation, it is not possible to find, in gear tooth, the location of the maximum-shear-stress point.
The stress calculated by means of the Buckingham equation does not take into account any failure criteria, however our equation does.
